Summary
(may be performed in situ in many instances) and the relatively small amounts of 1 sample required for analysis.
2
With regard to the application of NIRS in the olive oil industry, the real-time 3 determination of oil content, olive oil stability index and humidity have been previously 4 assayed (García et al., 2005; Cayuela et al., 2013) . Furthermore, NIR could be applied 5 to design a quality control system for identification of olive oils adulterated with other 6 oils such as corn oil, sunflower oil, and raw olive residue (Wesley et al., 1995) and to 7 the differentiation of olive oils which belong to different denominations of origin 8 (Bertran et al., 2000) . Regarding free acidity of olive oil, its NIR prediction has been 9 previously assayed (Jiménez Marquez et al., 2005; Cayuela et al., 2009) , reaching 10 significantly good calibration parameters. However, the predictive errors reported seem 11 to be a bit high in discriminating edible olive oils (free acidity < 2%). As an example, 12 the acidity average values for 'Arbequina' and 'Picual' olive oils were 0.49±0.01 and 13 0.33±0.00, respectively, by means of the conventional method (EUC, 1991; 1997) Partial least squares (PLS) is a powerful tool for NIR full-spectrum calibration.
18
However, PLS models built using the full spectrum may contain many spectral variables 19 with irrelevant information like noise and background (Bassbasi et al., 2014; Han et al., 20 2008). In spite of the fact that these spectral variables can apparently improve the 21 calibration's statistics, they can worsen the predictive ability of the model. The The variable selection in MCUVE is performed according to the stability of each 4 spectral variable in NIR analysis (Cui et al., 2008; Han et al., 2008; Li et al., 2014) . The 5 stability is calculated with the PLS regression coefficients obtained from a large number 6 of sample subsets generated by the Monte Carlo technique. By contrast, SPA builds 7 subsets of variables with small collinearity using the calibration data set according to a 
12
On the other hand, there is a lack of papers concerning the effect of optical path 13 length in NIRS. Optical path length has a significant influence on light absorption 14 intensity at each wavelength. NIR radiation penetrates deeper into organic samples than 15 UV, visual or far and mid infrared radiations do (García-González et al., 2013) , thus 16 allowing spectral data acquisition from thick samples (i.e., 1-5 mm). Therefore, 17 assessment of the optical path length could improve the correlation of spectral variables 18 with analytical parameters.
19
The aim of this work was to determine the optimal optical path length and spectral 20 wavelengths to build a reliable PLS model for free acidity prediction in olive oils. For 21 these purposes, quartz cuvettes of path lengths 0.5, 2, 5 and 10 mm were tested.
22
Calibrations were constructed with the 800-2200 nm NIR spectrum and with
23
combinations Vis/NIR in the range of 350-2200 nm. Then, MCUVE and SPA variable 24 selection methods were assayed with the data obtained with the cuvette and the 1 spectrum that led to the best model performance. The final goal was to study the 2 feasibility of using Vis/NIR spectroscopy to determine olive oil's free acidity. 
Free acidity reference analysis

12
Free acidity (FA) was expressed as oleic acid percentage and analysed according 13 to the Official Methods of Analysis of the EC (EUC, 1991; 1997) . Briefly, 4 to 6 g olive 14 oil were placed into 250-ml wide-mouth Erlenmeyer flasks along with 50 ml ethyl Boulder, CO) spectrophotometer equipped with three detectors was used for spectral cuvette accessory joined by fiber optic connectors to the light source spectrometer at 7 one side of the accessory, and to the detector on the opposite side. 
Spectral measurements
10
The temperature of a body has an important influence on the NIR radiation it 11 reflects and absorbs; hence it constitutes a decisive factor in NIRS. Therefore, prior to 12 spectra acquisition, the sample containers were placed in a thermostatic water bath fixed The SPA method was also applied to the data obtained with the 10-mm path-length 6 cuvette in the 800-2200 nm NIR region and was performed with Matlab 7.11.0.564 7 (R2010b) software (The MathWorks, Inc.). SPA is a forward variable selection method 8 described elsewhere (Araújo et al., 2001) . SPA performs simple projection operations in 9 a vector space to select wavelengths whose information is minimally redundant. Briefly, could be due to the low absorbances registered, mainly in the NIR region, using the 0.5-10 mm quartz length cuvette ( Fig. 1.a) .
12
Vis/NIR PLS models using 2-mm path-length cuvette
13
NIR and Vis/NIR models for the spectra obtained with the 2 mm cuvette are shown 14 in Table 3 . Similarly to that occurred with the 0.5 mm cuvette, the addition of the 15 visible spectrum with a step of 50 nm to the NIR spectrum did not improve the models Table 2 . The 21 main drawback of using the 2 mm cuvette could be that fact that the absorbance in NIR 22 was much lower than in the visible spectrum (Fig 1.b) . Therefore, the almost nil 23 absorbance differences among NIR spectra could be a hindrance to construct a reliable 1 PLS calibration with this cuvette.
3
Vis/NIR PLS models using 5-mm path-length cuvette 4 The performance of the PLS models obtained with the 5 mm cuvette was clearly 5 much higher than that of the 2 mm cuvette ( Table 4 ). The abnormal values for the 600-6 2200 nm and 650-2200 nm spectra are due to the optimal PC selection made by The Vis/NIR PLS models using 10-mm path-length cuvette
13
The best performance was achieved with the 800-2200 nm spectrum (Table 5) spectrum by variable selection would lead to better performance. Therefore, the 10 following step was to eliminate uninformative spectral variables from the model. Variable selection by MCUVE from NIR spectra using 10-mm path-length cuvette
The main target of this method is to determine the number of variables that leads to optimal spectral variables selected by MCUVE (Table 6 ). That is, the addition of (Table   21 6). Taking into account the criteria of The optimal number of spectral variables, which was determined on the basis of the (Table 6 ) and SEP (0.051) was quite close to SEL (0.048), which accounts for 16 the excellent precision of the obtained SPA-PLS model (RPD = 3.80).
17
Finally, of note is that only 12 of the 85 spectral variables selected by SPA were 18 among the 314 variables provided by MCUVE. Most of the variables selected by
19
MCUVE were related to the structure of fatty acids (aliphatic chains), which are 20 responsible for the free acidity of olive oil. However, these bands assigned to aliphatic 21 chains could also belong to triacylglycerols (the major components of olive oil). well, which could be correlated to the combination bands of triacylglycerols. Bertran, E., Blanco, M., Coello, J., Iturriaga, H., Maspoch, S. & Monteliu, I. (2000) .
18
Near infrared spectrometry and pattern recognition as screening methods for the 
